In order to study the relationship of energy mineral deposits and tectonic movements in Ordos basin, more than 82 samples were taken for determination of apatite and zircon fission tracks. Furthermore, 93 apatite and zircon fission tracks have been selected from other publications. According to these data and other geological background, the evolution of Ordos basin can be divided into 4 stages, and the reformation of the basin can be divided into 5 stages. The basin formation and development were controlled by regional geodynamics. Oil, coal, nature gas and uranium deposits were formed in deferent stages. In the same time, 140 samples were taken and analyzed by organic and inorganic geochemical methods. The results indicate that coal and source rocks generate oil and natural gas, which migrate through reservoir rocks. Oil and natural gas changed the redox conditions of sediments and let uranium accumulate in the sandstones.
INTRODUCTION
The Ordos basin in western China has been found to be a major energy resources center in China (Zhang, 1999; Dai et al., 2000; Liu et al., 2006) . It covers part of the provinces and autonomous regions of Shaanxi, Gansu, Ningxia, Inner Mongolia and Shanxi, and has a total area of about 360000 square kilometers (Fig. 1) .
The basin has rich coal reserves of 1975.27 billion tons within a depth of 2,000 meters, and 656.1 billion tons within 1000 meters (Pu, 2000; Zhang et al., 2005) . The Changqing Oilfield, discovered in northern Shaanxi in the early 1990s, now provides 4.75 billion cubic meters of natural gas per year to 15 cities in northern China including Beijing, Tianjin, Shijiazhuang, Xi'an and Yinchuan (Yang, 2002) . The potential uranium reserves may be 300,000 tons (Di, 2002; Chen, 2002) . Although many energy mineral deposits have been found in Ordos Basin, most areas and strata have not been explored, and distribution regularities of energy mineral deposits have not been found. The ore formations were controlled by tectonic movements. Therefore, the study of tectonic evolution in the Ordos basin is very important for understanding ore formation regularities. Geological study has been carried out by many geologists (Wang, 1996; Zhang, 1999; Ren, 1995; Liu et al., 2005) . In this study, apatite fission tracks were used for the study of tectonic movements.
GEOLOGIC SETTING OF THE ORDOS BASIN
The Ordos Basin belongs to the Mesozoic and Neozoic continental basin in the North China Craton. It has been studied by many geologists for many years (Wang, 1996; Zhang, 1999; Ren, 1995; Zhao et al., 1996; Dai et al., 2000 Dai et al., , 2006 . The Ordos Basin was formed in the Palaeozoic, inherited and developed in the Mesozoic and Cenozoic (Sun, 1981; Feng et al., 1999; Jia et al., 1997; Dai et al., 2004) . Its base rocks consist of the Archaean and Middle-Lower Proterozoic crystal rocks.
The stratigraphy and lithology of the Ordos Basin is shown in Table 1 . Before Trias, the Ordos Basin belongs to the North China Craton. The Lower Palaeozoic consists of the marine sediments, including grey quartz sandstone, dolomitite, violet dolomitite, shale, limestone and marl. Seawater covered the entire basin in the Cambrian. The Silurian, Devonian and Lower Carboniferous are missing because the basin was raised and a regression occurred. Limestone, marl and dolomitite were deposited in an ingression and followed regression in the Ordovician. In the Upper Carboniferous and Permian, sandstone, siltstone, oil shale, clay and coal-forming plants were deposited in delta, river and lagoon environments. Since this time, seawater never came again in this area.
Since the Middle Trias, the Northern China Craton Basin ceased to develop, and was divided western and eastern parts by Taihang Mountain. The western part is Ordos Basin (Zhang et al., 2001) . In the Mesozoic, sandstone, siltstone, clay, coal-forming plants were deposited in river and lake environments. Many energy mineral deposits were formed in the sediments. However, both sediments and energy deposits were controlled by tectonic movements. The basin evolution and reformation should be studied firstly in order to understand the formation regularities of mineral deposits.
SAMPLING AND ANALYTICAL METHODS
Samples for apatite fission track analyses were taken from drill core or exposed rocks in entire basin. In stratigraphy, the samples represent sediments from the Cambrian to Tertiary. Apatite fission tracks were measured in the Institute of High Energy Physics, Chinese Academ y of Sciences. Analytical methods were described in detail by Zhou et al. (2005) .
The gas chromatographic (GC) analyses were carried out on a HP-5890 gas chromatograph fitted with a silica capillary column (25m¥0.2mm i.d.) coated with SE-54, temperature programmed from 60 to 320 o C at 4 o C/min . Gas chromatography-mass spectrometry (GC/MS) analyses were performed on a Finnigan-Mat SSQ70 GC-MS. A fused silica capillary column (25m¥0.25mm i.d.) coated with SE-54 was used. The column temperature was programmed from 80 to 300 o C at 4 o C/min and was held at 300 o C for 20 min. The ionizing voltage was 70eV and helium was used as carrier gas (Sun et al., 2002) .
RESULTS AND DISCUSSION

Apatite fission tracks
The results of apatite and zircon fission track analyses are given in Figure 2 . The data of the apatite fission tracks can be divided into six groups: Ma. The data of the zircon fission tracks can be also divided into six groups: 222. (Fig. 2) . Combined with the regional geology (Wang, 1996; Zhang, 1999; Ren, 1995; Zhao et al., 1996; Liu et al., 2005) , the history of Ordos basin formation may be divided into two periods: evolution period and reformation period according to apatite and zircon fission tracks. 
Evolution of Ordos Basin
Tectonic movements were recorded by variations of strata. The denuded strata and remanent strata were studied. A sediment section from west to east was drawn using 10 drill core data (Fig. 3) . Figure 3 shows the thickness of remanent sediments of the Zhuluo Formation in the Middle Jurassic. Their thickness in western part of the basin is thicker than that in the eastern part. Part sediments in eastern part were denuded . Their thickness of remanent strata of the Lower Cretaceous in western part of the basin is also thicker than that in the eastern part. The sediments in the eastern part were denuded because of basin raise in the eastern part. Remanent strata from the Trias to Cretaceous were investigated and calculated according drill cores and exposed sediments. From these data we have drawn a recovery section (Fig. 3) . The thickness of Jurassic shows no great difference. However, the Cretaceous strata show great difference. Its thickness reaches 1700 m in the western and is only 770 m in the eastern part (Fig. 3) . The sediment denudation occurred in the eastern part because of the crust raise here (Fig. 4) . From this section and the data of apatite and zircon fission tracks we may rebuild the basin evolution history. In the Middle and Late Trias (from 241 to 205Ma), the basin sank entirely and accepted sediments. From 205 to 175 Ma, the basin began to rise in a way. An intensive denudation occurred in the southwestern basin. In the Early and Middle Jurassic (from 175 to 167Ma), the basin sank entirely and accepted sediments again. After this depression, the basin was raised and denuded for a short time (about 1 Ma). In the Middle and Late Jurassic (from 169 to 161Ma), the basin sank entirely and accepted sediments third times. After this sedimentation, the basin was raised again. In the Early Cretaceous, the basin sank entirely and accepted sediments from 135 to 96 Ma. 
Reformation of the Ordos basin
From 96 Ma to Quaternary period, the Ordos basin rose entirely, but to different extents in different areas (Fig. 4) . The basin developed into reformation stage. In the Late Cretaceous _ Paleocene, the basin was entirely raised. The first denudation level was formed at about 70 Ma. In the Eocene -Oligocene, fault belts were formed in the basin margins, the eastern part was raised faster than in the western part inside the basin. The second denudation level was formed at about 40 Ma. In the Early -Middle Miocene, rifts developed in the basin margins and then entire basin rose. The third denudation level was formed at about 20 Ma. In the Late Miocene -Pliocene, the western part was raised faster than in the eastern part inside the basin. The laterite plateau was formed in the eastern part at about 8 Ma. In the Quaternary, loess plateau was formed in the eastern part and the Yellow River system developed since 2.5 Ma (Fig. 1). 
Tectonics in the western margin of the Ordos basin
Many geologists have paid attention to the west margin of the Ordos basin for a long time because of its special tectonic location, complex structure features, active neotectonic movement and favorable mineral occurrence conditions (Zhang, 1999; Yang and Zhang, 1990) . They divide China into two different tectonic regions. North China Craton is in the eastern, and Alashan Block, Qinling and Qilian mountains are in the western regin. The tectonic belt in the western margin is also the boundary between west earthquake region and east earthquake region. Different discussions and researches have been done from many aspects on the regional geological structural characteristics and attributes of the study area and have proposed various views. In recent years, a few researchers have been assured that the Mesozoic Ordos basin is a foreland basin . The geodynamic environment in which a foreland basin is developed is rather limited both temporally and spatially in geological history. The western Ordos basin is located at the conjunction of several geotectonic parts with various structure features in different places and complicate evolution processes. Through comprehensive researches on regional background, basin-range relationship, prototype basin geomorphology, sedimentary response, structural characteristics, evolution process, time of development and later reformation based on exploration data up to date and testing results, it is concluded in the paper that the west Ordos basin in the Mesozoic was not a foreland basin on the whole, but one part of the basin in the huge residual and continuous craton. Only in a finite period and a local area (belt) in or after the late age of the basin development since the Late Jurassic has the western Ordos basin had combination section features similar to the structures of foreland basins.
Dynamical mechanisms of tectonic movements in Ordos Basin
Evolution and reformation of Ordos basin were controlled by regional geodynamics. According to Zhao (1990) , the Tethys and the Pacific geodynamic systems controlled the formation and Ordos basin. In the Middle Trias, Yangtze continent and North China Craton collided, and Qinling orogenic belt began. The pressure of the Pacific geodynamic resulted in a northeastern-southwestern raise in the eastern part of North China Craton. The western part was sunken and the Ordos basin was formed. Continued pressure from the east resulted in the eastern part raise and western part depression of the Ordos basin. In the Neozoic period, Ordos basin was influenced by Qing-Zang tectonic movements. Western part began to rise and the eastern part sank. The laterite plateau and loess plateau were formed in the eastern part and the Yellow River system developed (Fig. 1) .
RELATIONSHIP OF ORE FORMATION AND TECTONIC MOVEMENTS
Previous geological studies have revealed that the main trap types of oil and natural gas are stratigraphic traps and lithologic traps (Yang, 2002) . The large palaeohighs (e.g. Yimeng Palaeohigh, Middle Palaeohigh) occurred in the north part of the Ordos basin. Tectonic movements let the strata rise in the eastern part and sink in the western part of the basin.
Coal formations exist from the Carboniferous to Cretaceous. The PermoCarboniferous coals exist in the entire basin. From north to south of the basin, their maturity becomes higher and the bituminous coals become anthracites. The highest vitrinite reflectance (R o ) value reaches 3% in the southern part of the basin . Therefore, organic matter of the Permo-Carboniferous in the middle and southern parts of the basin is in the dry gas stage. The Jurassic and Cretaceous coals exist locally.
Oil occurs in the southern part. The reason is that the source rocks of the Trias and Jurassic only in southern part are in oil window stage (>0.7% R o ). In the northern part, they are in the immature stage .
The Paleozoic natural gas migrated from the southwestern to the northeastern part of the basin because of the paleohighs in northern part and the raise in the eastern part of the basin. There are abundant karst fractures in the Lower Ordovician carbonates, and also four river deltas extend from north to south in the Upper Paleozoic strata (Feng et al., 2006) . These geological conditions let natural gas migrate easily from the middle to the northern part of the basin, and then upward through the Mesozoic sediments, to be released finally along the fault belts and into the atmosphere.
Oil and natural gas migrations have been proved by GC and GC-MS analyses. 143 Jurassic samples of 15 drill core sections were taken from Zhiluo formation, Dongsheng uranium deposit. Their GC traces show very different peak distributions. These organic geochemical results indicate clearly that soluble organic matter has different source.
A maturation parameter can be calculated from the aromatic hydrocarbon fractions. The so-called Methylphenanthrene Index (MPI 1) introduced by Radke et al. (1982) is determined from the relative concentrations of phenanthrene and the four possible isomers of methylphenanthrenes. The MPI 1 values vary from 0.35 to 0.84. According to the equation (R c = 0.60 × MPI 1 + 0.4), proposed by Radke and Welte (1983) , the highest value of MPI 1 corresponds to a calculated vitrinite reflectance of 0.9% R c .
The maturity was further proved by microscopical analyses. These source rocks were polished and vitrinite reflectance (R o ) values were measured on the polished surfaces. The measured R o values vary from 0.5 to 0.55%. However, calculated theoretical vitrinite reflectance (R c ) values vary from 0.6 to 0.9% (Radke et al., 1982) .
R o values were measured from solid organic matter, which represents maturities of original organic matter. The extracted soluble organic matter has multi-sources. Some of them may be migrated from other strata. The organic matter from Permocarboniferous strata has higher maturity values towards the south . Therefore, the only explanation is that the high maturated soluble organic matter may be migrated from the middle part of the basin.
Uranium has been found in 7 formations of the entire basin (Di, 2002; Chen, 2002) , and they occurred along the basin boundary. The lowest uranium-bearing formation is the Sun-Jia-Gou group of the Upper Permian. The uranium-bearing rock is found in sandstones with thickness of 0.4 m in the south basin. Uranium content reaches 0.041%. There are three uranium-bearing formations in the Triassic. They occurred in the Liu-Jia-Gou and He-Shang-Gou groups of the Lower Triassic, and the Yan-Chang group of the Upper Triassic. They are observed in north, east and south edges of the basin. The uranium-bearing rocks are sandstones. There are two uranium-bearing formations in the Yan-an group of the Jurassic in the northern basin and Zhiluo group in the internal basin. The uranium-bearing rocks are also sandstones. Uranium-bearing formations occurred in the Cretaceous in the west basin. Uranium-bearing strata belongs to the Zhi-Dan series of the Middle Cretaceous. Seven formations show the following features:
(1) All host rocks are sandstones; (2) Most of them occurred in the edge of the basin or close faults; (3) Insoluble organic matter in the host rocks is not rich. Although uranium was found in the entire basin, the Dongsheng mine is only worked district, and it is also the largest uranium deposit in the north part of the basin so far. According to Di (2002) and Chen (2002) , uranium is enriched in different mechanisms in the Ordos Basin.
Natural gas can migrate a longer distance than oil. However, natural gas releasing evidence has not been studied as widely as petroleum releasing evidence. We have found that natural gas release indeed occurs, and here is much evidence (Sun et al., 2002) . Small bleached sandstones were observed also in Yijinhuoluo Formation of the Cretaceous and the Zhifang Formation of Triassic. These traces have not been noticed enough, although some evidence of natural gas release has been reported in recent years (Beitler et al., 2003) .
Natural gas migrated from Paleozoic strata may form a redox boundary. In the middle and southern parts of the basin, the maturities of the Paleozoic source rocks are higher than 1.5% R o . Therefore, huge amounts of natural gas was generated from the source rocks and coal in the basin reformation stages. Geochemical evidences (Xiao et al., 2005) have proved that most natural gas migrated to northeast because of the different depth of reservoirs and pression of the overlain rocks. In the southern part, some natural gas also migrated boundary faults. Uranium deposits were formed in the release zones of natural gas. In the uranium accumulation processes, natural gas might be one of the important reducing agents.
CONCLUSIONS
Apatite and zircon fission track results indicate that the evolution of the Ordos basin can be divided into 4 stages, and the reformation of the basin can be divided into 5 stages. The basin formation and development were controlled by regional geodynamics. From the Trias to Neozoic, the Ordos basin rose and sank alternately many times. The raised and sunken extents are different in eastern and western parts. These tectonic movements controlled the sedimentation and denudation.
Organic matter was deposited in the evolution stages. Oil, coal, natural gas and uranium deposits were formed in different basin reformation stages. The organic geochemical results indicate that Mesozoic source rocks generate oil and Carboniferous coal generates natural gas, which migrate through reservoir rocks. Oil and natural gas changed the redox conditions of sediments and let uranium accumulate in the sandstones.
